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Background: Clear cell renal cell carcinoma (ccRCC) is the main subtype of renal cell carcinoma and has different prognoses, especially in patients with metastasis. Here, we aimed to establish a novel model to predict overall survival (OS) and surgical benefit of ccRCC patients with distant metastasis.

Methods: Using data from the Surveillance, Epidemiology, and End Results (SEER) databases, we identified 2185 ccRCC patients with distant metastasis diagnosed from 2010 to 2015. Univariate and multivariate Cox analysis were used to identify significant prognostic clinicopathological variables. By integrating these variables, a prognostic nomogram was constructed and evaluated using C-indexes and calibration curves. The discriminative ability of the nomogram was measured by analyses of receiver operating characteristic (ROC) curve. A risk stratification model was built according to each patient's total scores. Kaplan-Meier curves were performed in the low-, intermediate- and high-risk groups to evaluate the survival benefit of surgery.

Results: Eight clinicopathological variables were included as independent prognostic factors in the nomogram: grade, marital status, T stage, N stage, bone metastasis, brain metastasis, liver metastasis, and lung metastasis. The nomogram had a better discriminative ability for predicting OS than Tumor-Node-Metastasis (TNM) stage. The C-index was 0.71 (95% CI 0.68–0.74) in the training cohort. The calibration plots demonstrated that the nomogram-based predictive outcomes had good consistency with the actual prognosis results. Total nephrectomy improved prognosis in both the low-risk and intermediate-risk groups, but partial nephrectomy could only benefit the low-risk group.

Conclusions: We constructed a predictive nomogram and risk stratification model to evaluate prognosis in ccRCC patients with distant metastasis, which was valuable for prognostic stratification and making therapeutic decisions.
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INTRODUCTION

Renal cell carcinoma (RCC) is one of the most common malignant tumors in the genitourinary system. The latest cancer statistics report illustrated that more than 65,000 patients were diagnosed with RCC in the US, causing more than 15,000 deaths every year (1). Clear cell renal cell carcinoma (ccRCC) is the predominant histology of RCC, representing 75% of all cases (2). Among them, many patients with this disease are diagnosed with locally advanced disease or distant metastases despite improvements in the cancer control and survival rates. Clinically, approximately 16% of ccRCC patients have metastasis at diagnosis, and even one-third of localized ccRCC patients will develop metastatic lesions after tumor resection. The 5-year overall survival (OS) rate of metastatic ccRCC is only 12% (3). For RCC patients with distant metastasis, although the Memorial Sloan-Kettering Cancer Center (MSKCC) criteria and the International Metastatic RCC Database Consortium (IMDC) criteria can be used to evaluate the outcome of patient treatment, the impact of metastatic site and the overall tumor burden on survival is still missing (4, 5). Therefore, more practical tools and concise are required to improve the prognostic prediction of ccRCC patients with distant metastasis.

Cancer metastasis is a multistep process involving complex genetic alterations that drive the transformation of primary tumors into highly malignant and metastatic tumors (6, 7). To successfully metastasize, tumor cells must escape from the primary tumor, intravasate into circulatory and lymphatic systems, avoid immune attack, extravasate at distant capillary beds, and invade and proliferate in distant organs (8–10). For ccRCC, intensive studies demonstrated that different genes mediate tumor cell metastasis to different locations. The common metastasis sites of ccRCC include lung (in 50–60% of patients with metastases), bone (in 30–40%), liver (in 30–40%) and brain (in 5%) (11, 12).

The classic anatomical prognostic system is the tumor (T), node (N), and metastasis (M) classification, which is the most commonly used prognosis-predicting system for ccRCC patients (13). However, the TNM staging system lacks accuracy in predicting the prognostic of ccRCC patients, especially for ccRCC patients with distant metastasis (14). In ccRCC patients with distant metastasis, prognosis is further driven by the site of metastasis and the number of metastatic sites (15, 16). In addition, ccRCC patients with distant metastasis can be affected by clinical prognostic factors, including sex, age, marital status, race, and clinicopathological parameters such as grade, tumor size, and surgery treatment. Therefore, in consideration of all of these clinical factors, it is important to build a comprehensive prognostic model to accurately evaluate the prognosis of each patient. This predictive model can help doctors make therapeutic decisions.

Recently, nomogram has been accepted as a reliable tool to quantify risk by incorporating and evaluating important factors to assess prognostic outcome in multiple cancers (17–19). Several nomograms have been established to predict the risk of RCC recurrence and survival (20–22). However, there is no nomogram to estimate the prognostic outcome of ccRCC patients diagnosed with distant metastasis. In this study, we used data from the Surveillance, Epidemiology, and End Results (SEER) databases to establish and validate a nomogram that estimates the survival of ccRCC patients with distant metastasis.



MATERIALS AND METHODS


Data Source and Patient Selection

Patient data came from the Surveillance, Epidemiology, and End Results (SEER) database, which covers approximately 28% of the US population. In our study, patient selection based on the following inclusion and exclusion criteria. Inclusion criteria: (a) diagnosed between 2010 and 2015; (b) molecular subtype of clear cell carcinoma; and (c) diagnosed initially with at least one distant metastatic site. Exclusion criteria: (a) unknown metastatic status; (b) age at diagnosis under18 years; (c) incomplete demographic and clinical data, including race, marital status, T/N stage and grade; and (d) missing follow-up data.



Nomogram Construction and Validation

We randomly divided the patients diagnosed from 2010 to 2013 into two cohorts, the training cohort and the validation I cohort, with a ratio of three to one, and we assigned the patients diagnosed from 2014 to 2015 as the validation II cohort. Categorical variables in the three cohorts were presented as frequencies and proportions. Univariate Cox regression analyses were used to calculate the influence of each variable on OS. Significant prognostic factors identified from the univariate analysis were further analyzed in a multivariate Cox proportional hazard model, and the corresponding 95% confidence interval (CI) for each potential risk factor was calculated. Based on the result of the multivariate model, a nomogram was built to predict 1-, 2- and 3-year OS. The discriminative ability of the nomogram was measured using the 1-, 2-, and 3-year survival area under curve (AUC) values from time-dependent receiver operating characteristic (ROC) curves. Predictive accuracy was assessed using the concordance index (C-index) and calibration plot. Additionally, a risk stratification model was established on the basis of each patient's total score in the nomogram, and all patients were divided into three prognostic groups.



Statistical Analyses

Univariate and multivariate Cox regression analyses were performed to identify the prognostic factors. Kaplan-Meier curves was used to estimate the OS. The significance of differences in OS was assessed by log-rank test. Cox regression analysis, Kaplan-Meier curves, and the log-rank test were conducted by the glmnet and survival packages. The nomogram was established with the rms and survival packages. All statistical analyses were performed in R studio (version 3.6.2), and statistical significance was set at a p-value of <0.05.




RESULTS


Demographic and Clinical Characteristics of Patient Patients

Overall, 2,185 ccRCC patients with distant metastasis were included in this study. Among all patients, 1,027, 342, and 816 subjects were assigned to the training, validation I and validation II cohorts, respectively. The demographic and clinical characteristics of patients in each subgroup are demonstrated in Table 1. There was no significant difference in the distribution of the number of patients in different cohorts. Generally, most patients were male (1,523; 69.7%), aged 60–79 years (1,180; 54.0%), married (1,493; 68.3%), and white (1,891; 86.5%). Moreover, most patients underwent total nephrectomy (1,765; 80.8%).


Table 1. Demographic and clinical characteristics of ccRCC patients with distant metastasis.
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In total, 30.2% (660), 10.0% (218), 11.0% (240), and 61.8% (1,350) of the patients had bone metastasis, brain metastasis, liver metastasis and lung metastasis, respectively. Additionally, 14.1% (307), 17.2% (375), 60.7% (1,327) and 8.1% (176) of the patients had stage T1, T2, T3, and T4 tumors, respectively. Furthermore, 76.5% (1,671) of the patients were negative for lymphatic metastasis, and 13.5% (295) and 10.0% (219) had N1 and N2 stage.



Independent Prognostic Factors in the Training Set

Through univariate analysis and subsequent multivariate Cox analysis, marital status (divorced/separated: HR 1.219, 95% CI 0.971–1.531; widowed: HR 1.690, 95% CI 1.277–2.235; single: HR 1.094, 95% CI 0.889–1.347; married as a reference), grade (II: HR 1.126, 95% CI 0.931–1.363; III: HR 1.365, 95% CI 0.809–2.303; IV: HR 1.499, 95% CI 1.217–1.847; I as a reference), T stage (T2: HR 1.354, 95% CI 0.949–1.932; T3: HR 1.388, 95% CI 1.031–1.869; T4: HR 1.626, 95% CI 1.107–2.389; T1 as a reference), N stage (N1: HR 1.934, 95% CI 1.583–2.362; N2: HR 2.375, 95% CI 1.877–3.004; N0 as a reference), bone metastasis (metastasis: HR 1.621, 95% CI 1.378–1.907; no metastasis as a reference), brain metastasis (metastasis: HR 2.158, 95% CI 1.730–2.693; no metastasis as a reference), liver metastasis (metastasis: HR 1.538, 95% CI 1.217–1.943; no metastasis as a reference), and lung metastasis (metastasis: HR 1.709, 95% CI 1.454–2.008; no metastasis as a reference) were found to be statistically significant factors for OS, as shown in Table 2.


Table 2. Univariate and multivariate Cox analyses of overall survival in the training set.
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Nomogram Construction and Validation

Considering the outcomes of the univariate and multivariate Cox regression analyses for OS, eight independent factors in the training cohort were included in the nomogram to predict the 1-, 2-, and 3-year OS rates (Figure 1). Among all included factors, N stage made the most significant contribution to the survival outcome, closely followed by brain metastasis. In addition, marital status, grade, T stage, and the presence of bone/liver/lung metastasis had a moderate impact on prognosis. The 1-, 2- and 3-year survival probabilities of each patient were obtained by adding the score of every prognostic factor.


[image: Figure 1]
FIGURE 1. Nomogram for the prediction of 1-, 2- and 3-year overall survival in ccRCC patients with distant metastasis.


The C-index in the training cohort (0.71, 95% CI 0.68–0.74) indicated reasonable predictive accuracy of the model. The discriminative ability of the nomogram was measured using the 1-, 2-, and 3-year survival AUC values from time-dependent ROC curve. In the training cohort, the nomogram was significantly superior to TNM staging or grade (1-year AUC: nomogram 0.73 vs. TNM 0.65 or grade 0.59; 2-year AUC: nomogram 0.72 vs. TNM 0.64 or grade 0.59; 3-year AUC: nomogram 0.71 vs. TNM 0.62 or grade 0.60; Figure 2). In addition, in a validation cohort containing both the validation I + II cohorts, the nomogram AUC values for 1-, 2-, and 3-year survival were 0.67, 0.69, and 0.68, respectively. Moreover, the calibration plots in the training and validation cohorts demonstrated that the nomogram-based predictive results were mostly consistent with the actual prognosis results (Figure 3).


[image: Figure 2]
FIGURE 2. ROC curves of the ability of the nomogram, TNM staging and grade to predict 1-, 2- and 3-year overall survival in the training cohort. (A) 1 year time-dependent ROC curve. (B) 2 year time-dependent ROC curve. (C) 3 year time-dependent ROC curve.



[image: Figure 3]
FIGURE 3. Calibration curves of the ability of the nomogram to predict 1-year (A) and 2-year (B) overall survival in the training cohort, 1-year (C) and 2-year (D) overall survival in validation I cohort and 1-year (E) and 2-year (F) overall survival in validation II cohort.




Risk Stratification Model and Survival Benefit of Surgery

In addition, we built a risk stratification model based on each patient's total scores in the nomogram. According to the risk stratification model, all the patients were divided into three groups: low-risk group (1,289/2,185, 60.0%; total score < 15), intermediate-risk group (717/2,185, 32.8%; 15 ≤ total score < 25), and high-risk group (1,128/2,185, 51.6%, total score ≥ 25). Kaplan-Meier curves were performed in all cohorts and demonstrated that the risk stratification model can accurately distinguish survival in the three prognostic groups (Figure 4).


[image: Figure 4]
FIGURE 4. Kaplan-Meier curves of the low-, intermediate- and high-risk groups in all cohorts (A), the training cohort (B), and validation I + II cohort (C).


Furthermore, Kaplan-Meier curves were also performed in the stratified risk groups to assess the survival benefit of surgery (Figure 5). The results indicated that total nephrectomy could prolong overall survival in both the low- and intermediate-risk groups (p < 0.0001 and p < 0.0001, respectively); however, partial nephrectomy could only benefit the low-risk group (p < 0.0001). Interestingly, the low-risk group patients could benefit more in terms of prognosis from partial nephrectomy than total nephrectomy (p = 0.022). However, in the high-risk group, neither total nor partial nephrectomy could significantly improve the prognosis of patients.


[image: Figure 5]
FIGURE 5. Survival benefit of surgery in the low-risk (A), intermediate-risk (B), and high-risk (C) groups.





DISCUSSION

In this study, a nomogram was constructed and verified for predicting OS in 2,185 ccRCC patients with distant metastasis from the SEER database. We identified eight demographic and clinical characteristics as prognostic factors, including marital status, grade, T stage, N stage and bone, brain, liver and lung metastasis. In addition, the ROC curves and calibration curves demonstrated favorable discrimination and calibration. Moreover, we built a risk stratification model based on the total score of each patient in the nomogram, and analyzed the survival benefits of surgery choices in the classified risk groups. To our knowledge, this is the first large-cohort, comprehensive retrospective study to construct a nomogram for predicting the prognosis of ccRCC patients with distant metastasis. This predictive tool can be easily applied in clinical practice to predict the survival probability of each patient and help clinicians develop optimal therapy strategies for patients.

Regarding demographic features, marital status was an independent prognostic factor, which is consistent with previous studies (22, 23). Marriage may have a beneficial effect on RCC patients, as it can be associated with support from the spouse, such as helping in activities of daily life and medication reminders. The clinical characteristics grade, T stage, N stage and bone, brain, liver, and lung metastasis were significant for predicting overall survival. Among the sites of metastasis, brain metastasis was the worst factor affecting the prognosis, followed by lung, bone and liver metastasis. Consistently, previous studies have shown that the prognosis of patients with brain metastases is worse than that of patients without brain metastasis (24, 25). However, Abdel-Rahman (26) reported that metastatic RCC patients with liver metastasis seem to have worse outcomes than patients with other sites of metastasis. One explanation is that we mainly focused on clear cell histology rather than all subtypes of RCC. Therefore, the result must be further validated in many ongoing randomized studies.

According to the results of randomized controlled trials, cytoreductive nephrectomy has become the preferred treatment for metastatic RCC patients in the era of cytokine therapy, especially in patients with good performance status (27, 28). In 2005, the molecular-targeted agent sorafenib was approved for the treatment of advanced RCC, opening a new era of molecular-targeted therapy. Clinical data reported so far have clearly demonstrated that, compared with the era of cytokine therapy, the introduction of targeted therapy has significantly improved the prognosis of patients with metastatic RCC (29). However, in the era of targeted therapy, the role of cytoreductive nephrectomy in treating metastatic RCC has been brought into question. The result of CARMENA clinical trial showed that sunitinib alone was not inferior to nephrectomy followed by sunitinib in patients with intermediate- and high-risk metastatic RCC (30). Moreover, from a molecular genetic viewpoint, this intervention can only eliminate the easiest adversary (the main tumor) but cannot prevent cancer-related death. Therefore, the benefits and risks of cytoreductive nephrectomy must be carefully considered. Surgery may not be beneficial if treatment-induced morbidity would substantially affect the patient's quality of life. Thus, demographic and clinical characteristics need to be considered critically to make an optimal decision for each patient. Our study found that total nephrectomy could improve OS in both the low- and intermediate-risk groups, and partial nephrectomy could benefit only the low-risk group, which provides more accurate information for therapeutic decisions.

To our knowledge, this is the first study to generate a predictive nomogram for ccRCC patients with distant metastasis. Although Zheng et al. recently constructed a nomogram for patients with metastatic RCC by combining clinical and pathological characteristics derived from the SEER database (31). In our study, we only included patients with metastatic ccRCC and we stratified the age and tumor size of all patients. In addition, we constructed a training cohort and two validation cohorts to better verify the predictive ability of the nomogram. Moreover, we established a risk stratification model on the basis of each patient's total score from the nomogram and survival benefits of surgery was analyzed in the classified risk groups. As we all know, in the past years both MSKCC and IMDC scores were used almost exclusively to define prognosis of patients with metastatic RCC. Even in the most recent immunotherapy era, their prognostic role was confirmed again and a potential predictive role has emerged (32, 33). Considering that the variables contributing to the IMDC or MSKCC risk model were not registered in the SEER database, there is no comparison in predictive accuracy was conducted between our nomogram and these two models. However, the predictive model proposed in our study is a nomogram, demonstrated to predict the OS more precisely. Regarding to the role of our model in immunotherapy era, it needs to be verified in further study.

The current study has several limitations that should be considered. First, the nomogram was built retrospectively using the SEER database, and it would be better if the nomogram could be verified in a prospective cohort or a clinical trial. Second, the database only contained information on distant metastasis. Some patients may have developed metachronous metastasis during follow-up, and such data are not available from the database. Third, we only focused on patients with ccRCC, and further studies are required to evaluate whether this nomogram is applicable to patients with other histological subtypes. In addition, there is a lack of information about the details of systemic treatment received. This is particularly important given the evidence-based role of targeted therapies in improving the outcomes of metastatic RCC. Finally, patients with missing data with respect to each of the variables were excluded from our cohort, which may lead to potential selection bias. Therefore, further prospective studies are necessary.



CONCLUSIONS

We constructed a novel predictive nomogram and risk stratification model to predict the individual survival of ccRCC patients with distant metastasis. This prognostic model could assist clinicians to identify high-risk patients and make more individualized treatments for patients with different prognoses.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

YW and SL designed, conceived this study, and revised the paper. JC contributed to the literature search. JC and NC were involved in data extraction and wrote the manuscript. NC analyzed the data. All authors have approved the final edition of the manuscript.



FUNDING

The Interdisciplinary Program of Shanghai Jiao Tong University (project number: YG2021QN102).



REFERENCES

 1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. (2018) 68:7–30. doi: 10.3322/caac.21442

 2. Clark DJ, Dhanasekaran SM, Petralia F, Pan J, Song X, Hu Y, et al. Integrated proteogenomic characterization of clear cell renal cell carcinoma. Cell. (2019) 179:964–83. e31. doi: 10.1016/j.cell.2019.10.007

 3. Capitanio U, Montorsi F. Renal cancer. Lancet. (2016) 387:894–906. doi: 10.1016/S0140-6736(15)00046-X

 4. Motzer RJ, Mazumdar M, Bacik J, Berg W, Amsterdam A, Ferrara J. Survival and prognostic stratification of 670 patients with advanced renal cell carcinoma. J Clin Oncol. (1999) 17:2530–40. doi: 10.1200/JCO.1999.17.8.2530

 5. Ko JJ, Xie W, Kroeger N, Lee JL, Rini BI, Knox JJ, et al. The international metastatic renal cell carcinoma database consortium model as a prognostic tool in patients with metastatic renal cell carcinoma previously treated with first-line targeted therapy: a population-based study. Lancet Oncol. (2015) 16:293–300. doi: 10.1016/S1470-2045(14)71222-7

 6. Valastyan S, Weinberg RA. Tumor metastasis: molecular insights and evolving paradigms. Cell. (2011) 147:275–92. doi: 10.1016/j.cell.2011.09.024

 7. Gomez-Cuadrado L, Tracey N, Ma R, Qian B, Brunton VG. Mouse models of metastasis: progress and prospects. Dis Model Mech. (2017) 10:1061–74. doi: 10.1242/dmm.030403

 8. Steeg PS. Tumor metastasis: mechanistic insights and clinical challenges. Nat Med. (2006) 12:895–904. doi: 10.1038/nm1469

 9. Bacac M, Stamenkovic I. Metastatic cancer cell. Annu Rev Pathol. (2008) 3:221–47. doi: 10.1146/annurev.pathmechdis.3.121806.151523

 10. Seyfried TN, Huysentruyt LC. On the origin of cancer metastasis. Crit Rev Oncog. (2013) 18:43–73. doi: 10.1615/critrevoncog.v18.i1-2.40

 11. Gupta K, Miller JD, Li JZ, Russell MW, Charbonneau C. Epidemiologic and socioeconomic burden of metastatic renal cell carcinoma (mRCC): a literature review. Cancer Treat Rev. (2008) 34:193–205. doi: 10.1016/j.ctrv.2007.12.001

 12. Lam JS, Leppert JT, Belldegrun AS, Figlin RA. Novel approaches in the therapy of metastatic renal cell carcinoma. World J Urol. (2005) 23:202–12. doi: 10.1007/s00345-004-0466-0

 13. Sun M, Shariat SF, Cheng C, Ficarra V, Murai M, Oudard S, et al. Prognostic factors and predictive models in renal cell carcinoma: a contemporary review. Eur Urol. (2011) 60:644–61. doi: 10.1016/j.eururo.2011.06.041

 14. Ficarra V, Galfano A, Mancini M, Martignoni G, Artibani W. TNM staging system for renal-cell carcinoma: current status and future perspectives. Lancet Oncol. (2007) 8:554–8. doi: 10.1016/S1470-2045(07)70173-0

 15. Manola J, Royston P, Elson P, McCormack JB, Mazumdar M, Negrier S, et al. Prognostic model for survival in patients with metastatic renal cell carcinoma: results from the international kidney cancer working group. Clin Cancer Res. (2011) 17:5443–50. doi: 10.1158/1078-0432.CCR-11-0553

 16. Klatte T, Fife K, Welsh SJ, Sachdeva M, Armitage JN, Aho T, et al. Prognostic effect of cytoreductive nephrectomy in synchronous metastatic renal cell carcinoma: a comparative study using inverse probability of treatment weighting. World J Urol. (2018) 36:417–25. doi: 10.1007/s00345-017-2154-x

 17. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncology: more than meets the eye. Lancet Oncol. (2015) 16:e173–80. doi: 10.1016/S1470-2045(14)71116-7

 18. Huang YQ, Liang CH, He L, Tian J, Liang CS, Chen X, et al. Development and validation of a radiomics nomogram for preoperative prediction of lymph node metastasis in colorectal cancer. J Clin Oncol. (2016) 34:2157–64. doi: 10.1200/JCO.2015.65.9128

 19. Liang W, Zhang L, Jiang G, Wang Q, Liu L, Liu D, et al. Development and validation of a nomogram for predicting survival in patients with resected non-small-cell lung cancer. J Clin Oncol. (2015) 33:861–9. doi: 10.1200/JCO.2014.56.6661

 20. Sorbellini M, Kattan MW, Snyder ME, Reuter V, Motzer R, Goetzl M, et al. A postoperative prognostic nomogram predicting recurrence for patients with conventional clear cell renal cell carcinoma. J Urol. (2005) 173:48–51. doi: 10.1097/01.ju.0000148261.19532.2c

 21. Karakiewicz PI, Briganti A, Chun FK, Trinh QD, Perrotte P, Ficarra V, et al. Multi-institutional validation of a new renal cancer-specific survival nomogram. J Clin Oncol. (2007) 25:1316–22. doi: 10.1200/JCO.2006.06.1218

 22. Zhang G, Wu Y, Zhang J, Fang Z, Liu Z, Xu Z, et al. Nomograms for predicting long-term overall survival and disease-specific survival of patients with clear cell renal cell carcinoma. Onco Targets Ther. (2018) 11:5535–44. doi: 10.2147/OTT.S171881

 23. Li Y, Zhu MX, Qi SH. Marital status and survival in patients with renal cell carcinoma. Medicine (Baltimore). (2018) 97:e0385. doi: 10.1097/MD.0000000000010385

 24. Vickers MM, Al-Harbi H, Choueiri TK, Kollmannsberger C, North S, MacKenzie M, et al. Prognostic factors of survival for patients with metastatic renal cell carcinoma with brain metastases treated with targeted therapy: results from the international metastatic renal cell carcinoma database consortium. Clin Genitourin Cancer. (2013) 11:311–5. doi: 10.1016/j.clgc.2013.04.012

 25. Vornicova O, Bar-Sela G. Do we have a “game changer” in treating patients with brain metastasis from renal cell carcinoma? Ann Transl Med. (2019) 7(Suppl 8):S360. doi: 10.21037/atm.2019.09.50

 26. Abdel-Rahman O. Clinical correlates and prognostic value of different metastatic sites in metastatic renal cell carcinoma. Future Oncol. (2017) 13:1967–80. doi: 10.2217/fon-2017-0175

 27. Flanigan RC, Salmon SE, Blumenstein BA, Bearman SI, Roy V, McGrath PC, et al. Nephrectomy followed by interferon alfa-2b compared with interferon alfa-2b alone for metastatic renal-cell cancer. N Engl J Med. (2001) 345:1655–9. doi: 10.1056/NEJMoa003013

 28. Mickisch GH, Garin A, van Poppel H, de Prijck L, Sylvester R, European Organisation for R, et al. Radical nephrectomy plus interferon-alfa-based immunotherapy compared with interferon alfa alone in metastatic renal-cell carcinoma: a randomised trial. Lancet. (2001) 358:966–70. doi: 10.1016/s0140-6736(01)06103-7

 29. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Oudard S, et al. Overall survival and updated results for sunitinib compared with interferon alfa in patients with metastatic renal cell carcinoma. J Clin Oncol. (2009) 27:3584–90. doi: 10.1200/JCO.2008.20.1293

 30. Mejean A, Ravaud A, Thezenas S, Colas S, Beauval JB, Bensalah K, et al. Sunitinib alone or after nephrectomy in metastatic renal-cell carcinoma. N Engl J Med. (2018) 379:417–27. doi: 10.1056/NEJMoa1803675

 31. Zheng W, Zhu W, Yu S, Li K, Ding Y, Wu Q, et al. Development and validation of a nomogram to predict overall survival for patients with metastatic renal cell carcinoma. BMC Cancer. (2020) 20:1066. doi: 10.1186/s12885-020-07586-7

 32. Motzer RJ, Tannir NM, McDermott DF, Aren Frontera O, Melichar B, Choueiri TK, et al. Nivolumab plus ipilimumab versus sunitinib in advanced renal-cell carcinoma. N Engl J Med. (2018) 378:1277–90. doi: 10.1056/NEJMoa1712126

 33. Choueiri TK, Halabi S, Sanford BL, Hahn O, Michaelson MD, Walsh MK, et al. Cabozantinib versus sunitinib as initial targeted therapy for patients with metastatic renal cell carcinoma of poor or intermediate risk: the alliance a031203 CABOSUN trial. J Clin Oncol. (2017) 35:591–7. doi: 10.1200/JCO.2016.70.7398

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Chen, Cao, Li and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fonc-11-630842-g005.gif





OPS/images/fonc-11-630842-t001.jpg
Sex
Male
Female

Age (year)
18-39
40-59
60-79
>80

Marital status
Married
Divorced/Separated
Widowed
Single

Race
White
Black
Other

Grade

N stage
NO
N1
N2
Bone metastasis
No
Yes
Brain metastasis
No
Yes
Liver metastasis
No
Yes
Lung metastasis
No
Yes
Size (mm)
Size < 40
40 < Size < 70
70 < Size < 100
Size >100
Surgery
No
Partial
Total

Training
cohort
(N =1,027)

740 (72.1%)
287 (27.9%)

11(1.1%)

448 (43.6%)

521 (50.7%)
47 (4.6%)

704 (68.5%)
111(10.8%)
65 (6.3%)
147 (14.3%)

889 (86.6%)
51(5.0%)
87 (8.5%)

24/(2.3%)
262 (25.5%)
458 (44.6%)
283 (27.6%)

131 (12.8%)

169 (16.5%)

649 (63.2%)
78 (7.6%)

793 (77.2%)
137 (13.3%)
97 (9.4%)

719 (70.0%)
308 (30.0%)

919(89.5%)
108 (10.5%)

918 (89.4%)
109 (10.6%)

409 (39.8%)
618 (60.2%)

63(6.1%)
220 (21.4%)
358 (34.9%)
386 (37.6%)

143 (13.9%)
31 (3.0%)
853 (83.1%)

Validation |
cohort
(N =342)

231 (67.5%)
111 (32.5%)

2(0.6%)

143 (41.8%)

180 (52.6%)
17 (6.0%)

229 (67.0%)
28(8.2%)

38(11.1%)
47 (13.7%)

304 (88.9%)
20 (5.8%)
18 (5.3%)

14 (4.1%)
92 (26.9%)
139 (40.6%)
97 (28.4%)

60 (17.5%)
69(20.29)

185 (54.1%)
28(8.2%)

259 (75.7%)
47 (13.7%)
36(10.5%)

236 (69.0%)
106 (31.0%)

318 (93.0%)
24 (7.0%)

294 (86.0%)
48 (14.0%)

139 (40.6%)
203 (59.4%)

23(6.7%)
84 (24.6%)
108 (31.6%)
127 (37.1%)

53(15.5%)
12 (35%)
277 (81.0%)

Validation
1l cohort
(N =816)

552 (67.6%)
264 (32.4%)

11(1.3%)
280 (34.3%)
479 (88.7%)

46 (5.6%)

560 (68.6%)
77 (9.4%)
62 (7.6%)

117 (14.3%)

698 (85.5%)
52 (6.4%)
66 (8.1%)

20 (2.5%)
181 (22.29%)
340 (41.7%)
275 (38.7%)

116 (14.2%)

137 (16.8%)

493 (60.4%)
70 (8.6%)

619 (75.9%)
111 (13.6%)
86 (10.5%)

570 (69.9%)
246 (30.1%)

730 (89.5%)
86 (10.5%)

733 (89.8%)
83 (10.2%)

287 (35.2%)
529 (64.8%)

50 (6.1%)
191 (23.4%)
283 (34.7%)
292 (35.8%)

150 (18.4%)
31(38%)
635 (77.8%)

overall
(N =2,185)

1,623 (69.7%)
662 (30.3%)

24 (1.1%)
871 (39.9%)
1,180 (54.0%)
110 (5.0%)

1,493 (68.3%)
216 (9.9%)
165 (7.6%)

311(14.2%)

1,891 (86.5%)
123 (5.6%)
171 (7.8%)

58(2.7%)
535 (24.5%)
987 (42.9%)
655 (30.0%)

307 (14.1%)
375(17.2%)
1,327 (60.7%)
176 (8.1%)

1,671 (76.5%)
295 (13.5%)
219 (10.0%)

1,625 (69.8%)
660 (30.2%)

1,967 (90.0%)
218 (10.0%)

1,945 (89.0%)
240 (11.0%)

835 (38.2%)
1,350 (61.8%)

136 (6.2%)
495 (22.7%)
749 (34.3%)
805 (36.8%)

346 (15.8%)
74 (3.4%)
1,765 (80.8%)





OPS/images/fonc-11-630842-g003.gif
Training cohort Training cohort
K R ,
i: ¥ i
N
i i
e et o vt s
 Vaidationconor 1 ° Validation cohort |
: M i i
N / H
. % { ¢ |/
. ]
: iR
" i o ot oty st
© Validation cohort Il " Validation cohort I
i H i
o o
i fof
£ Lh

Pradciod yoa vero sunvival Pradcied 2o cverl unival





OPS/images/fonc-11-630842-g004.gif





OPS/images/fonc-11-630842-t002.jpg
Univariate analysis Multivariate analysis

HR (95%Cl) P-value HR (95%Cl) P-value
Sex 0.113
Female Reference
Male 1.135 (0.971, 1.327)
Age (years) 0.118
18-39 Reference
40-59 1.214 (0.541,2.722) 0,638
60-79 1.254 (0.560, 2.809) 0582
=80 1.753 (0.743, 4.187) 0.200
Marital status 0.036 0044
Married Reference Reference
Divorced/Separated 1.143 (0.913, 1.430) 0244 1.219(0.971, 1.531) 0083
Widowed 1.443 (1.095, 1.902) 0.009 1,690 (1.277, 2.235) <0.001
Single 1.145 (0.933, 1.405) 0.194 1.094 (0.889, 1.347) 0394
Race 0.166
White Reference
Black 1,042 (0.754, 1.439) 0.804
Other 0811 (0.622, 1.059) 0.124
Grade <0.001 <0.001
1 Reference Reference
1 1.268 (1.057, 1.522) 0011 1.126 (0.981, 1.363) 0222
] 1.221(0.782, 2.037) 0.445 1.365 (0.809, 2.303) 0244
Y 1.817 (1.493, 2.212) <0001 1.499 (1217, 1.847) <0.001
T stage <0001 0016
T Reference Reference
T2 1.448 (1.095, 1.916) 0.009 1.354 (0.949, 1.932) 0.094
3 1.561 (1.232, 1.978) <0.001 1.388 (1.031, 1.869) 0.031
T4 2.349(1.616, 3.253) <0.001 1.626 (1.107, 2.389) 0.013
N stage <0001 <0.001
NO Reference Reference
N1 2.100 (1.724, 2.558) <0.001 1.084 (1.588, 2.362) <0.001
N2 2.454 (1,955, 3.081) <0001 2,375 (1.877, 3.004) <0.001
Bone metastasis 0013 <0.001
No Reference Reference
Yes 1.213(1.042, 1.412) 0013 1.621 (1.378, 1.907) <0.001
Brain metastasis <0.001 <0.001
No Reference Reference
Yes 2.063 (1.664, 2.559) <0001 2.158 (1.730, 2.693) <0.001
Liver metastasis 0010 <0.001
No Reference Reference
Yes 1.343 (1.073, 1.680) 0,010 1.538 (1.217, 1.943) <0.001
Lung metastasis <0001 <0.001
No Reference Reference
Yes 1.664 (1.340, 1.803) <0.001 1.709 (1.454, 2.008) < 0.001
Tumor size (mm) 0.023 0261
Size < 40 Reference Reference
40 < Size < 70 1.040 (0.743, 1.454) 0.820 0.993 (0.706, 1.397) 0969
70 < Size < 100 1.367 (0.995, 1.879) 0.054 1.002 (0.700, 1.432) 0.994

Size > 100 1.274 (0.928, 1.750) 0.135 0.855 (0.600, 1.218) 0.385





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Identification of a Risk Stratification Model to Predict Overall Survival and Surgical Benefit in Clear Cell Renal Cell Carcinoma With Distant Metastasis



		Introduction



		Materials and Methods



		Data Source and Patient Selection



		Nomogram Construction and Validation



		Statistical Analyses







		Results



		Demographic and Clinical Characteristics of Patient Patients



		Independent Prognostic Factors in the Training Set



		Nomogram Construction and Validation



		Risk Stratification Model and Survival Benefit of Surgery







		Discussion



		Conclusions



		Data Availability Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Oncology

Identification of a Risk Stratification
Model to Predict Overall Survival
and Surgical Benefit in Clear Cell
Renal Cell Carcinoma With Distant

Metastasis





OPS/images/fonc-11-630842-g001.gif
Totpans
r——
ym——






OPS/images/fonc-11-630842-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Oncology





